The photochemical proprties of purified 124 kilodalton (kD) Avena cv Garry phytochrome are examined and compared with those of the proteolyticaily degraded 118/114 kD species. The proportion of the chromoprotein in the far red absorbing form, Pfr, foflowing saturating red irradiation is 0.86 for 124 kD phytochrome, substantially higher than the vahes of 0.79 determined here and 0.75 reported in the literature for 118/114 kD preparations. The ratio of the quantum yields for Pr to Pfr phototransformation and for Pfr to Pr phototransformation (Or/f1r) is 1.76 for the 124 kD molecule and 0M for the 118/114 kD species. Based on extintion coefficients determined using the Lowry assay as a measure of protein weight, the individual phototransformation quantum yields for 124 kD phytochrome are 0.17 for Pr -) Pfr (or) and 0.10 for Pfr -* Pr (#fr).
Phytochrome can exist in two photointerconvertible forms, Pr and Pfr, with Pfr generally considered to be the physiologically active form (9, 13, 15) . A common experimental approach in phytochrome physiology involves attempts to correlate quantitatively the magnitude of a particular response with the spectrophotometrically measured level of Pfr. Because the absorbance of Pr and Pfr overlap in the red spectral region, saturating red light irradiation establishes a photoequilibrium mixture containing both Pr and Pfr. Therefore, when difference spectroscopy is used to determine the absolute amount of Pfr and/or the ratio of Pr and Pfr produced by a specific irradiation, the proportion of total phytochrome present as Pfr following saturating red irradiation ([PfrJr)2 must be known. As stated previously (1, 2) , [PfrJ,', may be determined only for phytochrome in vitro in the absence of other pigments absorbing in the red and far red spectral regions and the results then extrapolated to experiments involving crude extracts or intact tissue (for examples, see Refs. 3, 4, 9, 10, 15 this reason, it is important that such in vitro measurements be made on undegraded, undenatured phytochrome.
The [PfrJ6"5 for Avena phytochrome was first calculated to be 0.81 for the proteolytically degraded 60 kD species (2) and later reported to be 0.75 for the '120' kD species at that time considered to be undegraded (11, 12) . However, recent observations have demonstrated that the 118 and 114 kD chromoproteins that comprise 120 kD Avena phytochrome preparations are artifactually derived by limited proteolysis during purification from a larger 124 kD molecule (17) . Similar proteolytic degradation also occurs with rye, corn, pea, and zucchini phytochrome (Vierstra, Cordonnier, Pratt, and Quail, unpublished; 6). Because this proteolysis alters the spectral properties of phytochrome (18) , previous [Pfrl6"5 determinations made using the 120 kD species are not likely to represent those for phytochrome in vivo. Comparison of the absorbance spectra ofpurified 124 kD preparations with those of 120 kD pregarations reported in the literature (11, 19) suggests that the [PfrJ for 124 kD phytochrome is higher than 0.75.
In this paper, the [PfrJm and quantum yields for phototransformation (4r, ofr) for purified 124 kD phytochrome are presented and compared with those for the 118/114 kD species.
MATERIALS AND METHODS
Phytochrome Preparations. The 124 kD phytochrome was purified from etiolated Avena sativa cv Garry seedlings using the modified Affi-Gel Blue purification protocol ofVierstra and Quail (19) . Briefly, this procedure includes: homogenization ofthe tissue with the phytochrome as Pfr in a buffer containing 50%o ethylene glycol and 4 mm phenylmethylsulfonylfluoride, followed by polyethyleneimine and ammonium sulfate precipitation, hydroxyapatite chromatography, Afli-Gel Blue affinity chromatography, and gel filtration. All 124 kD preparations used had As/AeA o ratios of 0.92 or greater, Pfr maxima at 730 nm and spectral change ratios (AAr/AAfr) of 1.06 to 1.08. These preparations were determined by SDS-PAGE (7) to contain exclusively the 124 kD species.
Phytochrome preparations containing the degraded 118/114 kD species (as determined by SDS-PAGE) were prepared by immunoaffmity chromatography as described by Hunt and Pratt (5 (9 nm half band width) interference filter (Baird Atomic, PTR Optics, Waltham, MA). Fluence rates were attenuated with neutral density filters, and times of irradiation were controlled by a camera shutter. The actinic fluence rates were measured with a YSI Radiometer and corrected for internal flltering within the sample as described by Pratt (1 1). IR light (X > 800 nm) comprised less than 1% of the total fluence. The corrected actinic fluence rates were between 2.8 and 3.2 x 10-10 mol cm-2 s-' for both 665 and 730 nrm light. The initial rates of phototransformation were determined from absorbance spectra of the phytochrome recorded with a Perkin Elmer model 557 spectrophotometer after various times of irradiation. The initial rates of phototransformation in either direction were linear for at least the first 10%1o of total phototransformation. The values for [Pfr]J', 4r/4fr, 4r, and 4fr were determined using the equations derived by Butler et al. (2) and used subsequently by Pratt (11) . The 124 kD phytochrome preparations gave first-order kinetics in both directions for phototransformations of at least 80%o indicating that the equations described by Butler et al. (2) are applicable to the 124 kD species.
Protein Determinations. Total protein was determined according to the method of Lowry et aL (8) using BSA as a standard.
RESULTS
Butler et al. (2) first recognized that a portion of the shoulder at 673 nm in the absorbance spectrum obtained after saturating red irradiation results from residual Pr remaining at photoequilibrium, and they derived equations to estimate this contribution of Pr. The height of this shoulder relative to the height of the Pfr far red maximum is lower for 124 kD than for 118/114 kD phytochrome preparations (Fig. 1) The absolute absorbance spectrum for the Pfr form of 124 kD phytochrome has been calculated from the spectrum obtained at photoequilibrium in red light assuming a [Pfr]665 of 0.86 (Fig. 2) .
The residual 14% Pr was subtracted from the experimental curve and the resulting curve multiplied by 1/0.86 to produce the spectrum that would have resulted if the photoconversion of Pr to Pfr were complete (i.e.
[Pfr]Jw, = 1.0). The ratio of the absolute Pfr A at 730 am to the Pr A at 666 nm is 0.68 (Fig. 2) (17, 18) , the photochemical properties of this molecule should more closely represent the actual properties in vivo. However, inasmuch as these measurements cannot be made for phytochrome in vivo, the possibility always exists that the values reported here may slightly differ from those in vivo (1, 2) .
Difference spectra (Pr-Pfr) for rye, corn, pea, and zucchini phytochrome measured in vivo or after the tissue was homogenized under conditions that preclude phytochrome proteolysis (19) Although the mol wt of the phytochrome in their preparations was not well characterized, the spectral properties suggest that the polypeptide was not extensively degraded (see 18). On the other hand, because rye phytochrome is also susceptible to the same limited proteolytic degradation during purification as observed with Avena (Vierstra, Cordonnier, Pratt, and Quail, unpublished; 6), its photochemical properties may require reexamination after the molecule has been isolated under conditions that preclude this degradation.
The most prominent feature of the absolute Pfr spectrum for 124 kD phytochrome is the absence of a shoulder in the red spectral region. This shoulder is also absent from the absolute Pfr spectrum of our 118/114 kD preparations determined similarly using a [Pfr]665 of 0.79 (unpublished). These spectra contrast with previously reported absolute Pfr spectra for 120 and 60 kD phytochrome where in each case such a shoulder was present (2, 12) . It is possible that the Pfr form of these earlier phytochrome preparations did indeed contain a Pfr shoulder or that the previous [PfrJ 66 values used to calculate the absolute Pfr spectra underestimated the contribution of Pr to the absorbance spectrum obtained at photoequilibrium in red light.
The extinction coefficients used here to calculate Or and 4fr are based on a colorimetric estimation of total protein (8) using BSA as a standard. The value of 7.5 x I07 cm2 mol-' for the Pr form of 118/114 kD phytochrome agrees well with previous determinations using the Lowry assay for phytochrome preparations of similar purity (14, 16) . However, Roux et al. (14) The data presented here provide further evidence that the 6 to 10 kD peptide segment(s) proteolytically cleaved from the 124 kD molecule are critical in maintaining the molecular integrity of native phytochrome. Understanding how these segment(s) affect Pr --. Pfr phototransformation, alter the Pfr absorbance spectrum and stabilize Pfr against dark reversion, (see 19) and why they are preferentially cleaved in the Pr form may provide insights concerning the molecular nature of phytochrome action.
